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ADAPTED FROM PAPER BY 
G.D. AITCHISON. 

the water table, there is no air present, an< 
travel from one zone to a similar zone near 


G. D. Aitchison, in his paper 
“ Some Preliminary Studies of Un¬ 
saturated Soils ”, read before the 
second Australian and New Zealand 
Conference of Soil Mechanics and 
Foundation Engineering, has gathered 
the existing information, and he recog¬ 
nises six states of unsaturation: A, 
complete saturation; B, primary un¬ 
saturation; C, secondary unsaturation; 
D 5 partial saturation; E, modified 
primary unsaturation; F, modified 
secondary unsaturation. 

In case A, which is the state below 
1 there is no tendency for the water to 
it. In other words, there is no pressure 


deficiency. 


In case B, all the pores are filled with water, which is the state in the capillary 
zone immediately above the water table, and there is a tendency for the pore water 
to drain away from the largest pores. There is also a slight pressure deficiency. 

In case G, the air begins to enter the pores, and there is a pressure deficiency. 


Further desiccation of the soil can then give rise to states D, E and F, until 
finally the water has been driven off, and soil solids and air remain. 

As has been stated, an engineer regards soil as consisting of solids, water and 
air. This is shown diagrammatically in Fig. 1. 
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Moisture content is expressed as the percentage of water present to the weight 

of oven-dried soil. Thus w = ~~ . 

Ws 

-In~the-above diagram let Va ■=- the volume of- air; Vw = the volume of water; 
Vs = the volume of solids; V = the total volume; Vv = the volume of voids = 
Va + Vw. 
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The degree of saturation = ~ — Sr. 

By definition the voids ratio e = , 

Porosity n = , 

and e = y-2- . 

1 — n 

For saturated soils it may be proved that e = wG, where G is the specific gravity 
of the soil. 

A typical value of e for a soil near Christchurch would be 0-90 at a depth of 9in. 
The corresponding value of n is 0-45. Therefore, an inch of rain falling on the 
surface of a dried soil will saturate 2Jin. If there is an existing moisture content 
of 10%, and the soil is saturated at 20% it will saturate 4£in. The saturated mois¬ 
ture content would be 100 X = 33-5%. 

Thus, starting from dry conditions—and there are long periods of drought in 
Canterbury—the ground would be saturated for 9in after 4in of rain. Soil suction 
would immediately come into action and the moisture would invade the drier zones. 
The question may then be asked, how much of this water will actually drain down¬ 
wards to the water table and replenish it? Also, at what stage of this downward 
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passage of moisture will the pressure deficiency become zero, and the condition of 
equilibrium moisture content be established? 

The equilibrium moisture content is established when all the voids are filled with 
water. When the soil is saturated, e = wG, so that the voids ratio may be calculated 
if the moisture content and the specific gravity are known. 

At equilibrium moisture content, and the water table at the surface, the pressure 
at any depth z is called the effective pressure p. The effective pressure is equal to 
the total pressure p (due to the weight of the water plus the soil) minus the pore- 

water pressure, or p = p — u w . 

p may be proved equal to y'z, where y is the submerged density of the soil, 

and y' = y — y w , where y is the density of the saturated soil and y w is the 
density of water. 

Also, y = y„ — n (y s — y w ), where y s is the density of the solids, so that 
knowing e, n can be calculated. Thence y and y' may be found. 

From the above, effective pressure can be plotted against voids ratio (Graph 

N °. 2 ). 

Because the voids ratio decreases with depth owing to the increase of effective 
pressure, the saturation profile shows a greater moisture content at the surface than 
at a depth. This is shown in Graphs No. 3 and No. 4. 

Commencing on March 13, 1957, after some days rain, in which over 4in fell, 
auger holes were sunk at the University site at Clyde Road, and moisture content 
and other samples were taken. The moisture-content profile is shown on Graph 
No. 3. Also plotted on the graph is the equilibrium moisture content distribution 

CLYDE ROAD 

13-3-57 AFTER a " RaI N 

10-4-57 AFTER FURTHER f " RAIN 



MOISTURE CONTENT/^ 


GRAPH No 3 

for the water table at the surface. Four inches of rain is well above the average 
rainfall at any one period in Canterbury; yet the moisture content at a depth of 
2ft had only reached 10*7%. In other words, there could be no charging of the 
water table until the moisture content profile had straightened to the curve on the 
right. The profile shows a maximum pressure deficiency at 2ft, and to achieve 
equilibrium the water content would have to increase from 10-7% to 27-5%. 
According to the soil-suction and moisture-content graph, the pF value for a moisture 
content of 10*7% is 3*5. A great deal more rain than 4in would be needed to 
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achieve this. For dry soil at the beginning it would require nearly 11 in of rain 
falling in a short period to obtain equilibrium moisture content. This rainfall would 
saturate the soil to a depth of 24in, as far as the capillary fringe. As the average 
rainfall in Canterbury is 25in at the coast and 35in inland and there is a great deal 
of evaporation, it would seem that this state would seldom occur. 

The amounts of rainfall (supplied by the Meteorological Department in Christ¬ 
church) for the month of March, 1957, are shown in Table I. 

Table I. 

Cumulative 
Total 
(Inches) 

0.00 
0.81 
1.78 
1.78 
2.05 
3.90 
4.63 
4.65 
4.70 

- Tests taken 

4.83 
4.83 

4.95 

4.96 
5.13 
5.13 

5.22 

5.23 

5.23 

5.23 
5.26 
5.26 

-- Tests taken 

On April 10 a further set of moisture contents was taken, and the two sets of 
readings are shown in Table II. 


Table II. 



13/3/57 

10/4/57 

18/4/57 

May, 1957 




(After 4.75in rain) 

Depth 

Per cent 

Per cent 

Per cent 

Per cent 

6in 

26.4 




9-11 in 


18.2 

22.5 


12in 

21.4 



23.0 

15— 17 in 


15.6 



18in 

17.1 


16.4 


24in 

10.7 

17.3 

14.4 

21.5 

32in 


19.6 


27.6 

33in 

16.9 


19.9 

27.9 

42in 

23.6 

26.7 

26.1 

27.8 


Top of capillary fringe 

After very little additional rain it will be seen that at the zone of the lowest 
moisture content—that is, 10.7% on 13/3/57 at a depth of 2ft, the moisture content 
on the 10/4/57 has increased to 17*3%. From the graph (No. 3) the moisture 
content at saturation is 27‘5%. The moisture content at the surface has fallen 
owing to evaporation. The tendency to attain equilibrium moisture content by 
straightening the profile of the moisture-content diagram may be seen. Until the 
drier zone at 2ft has been wetted, there can be no downward flow of water to the 
top of the capillary fringe at 3ft 6in. 


Inches 

March 1-5 Nil 
6 0.81 

7 0.97 

8 Trace 

9 0.27 

10 1.85 

11 0.73 

12 0.02 

13 0.05 

14 0.13 
15-16 Nil 

17 0.12 

18 0.01 
19 0.17 

20-22 Nil 

23 0.09 

24 0.01 

25 Trace 
26-28 Nil 

29 0.03 
30-31 Nil 
April 1-10 Nil 
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GRAPH No 4 VARIATIONS IN MOISTURE CONTENT 

PROFILE WITH WATER TABLE PRESENT 

After further rain in April, a further set of moisture contents at the site was 
taken. The profile followed the readings taken on 13/3/57 down to 2ft, where 
the moisture content had increased to 14*4%, but saturation had not been effected, 
although there is a tendency for the moisture content to increase at a depth of 
2ft. In the winter months saturation might be achieved and the water table re¬ 
plenished. The above information is shown on Graph No. 3. 

The particle sizes of the soil were as set out in Table III. 


Table III. 


Depth 

Sand Sizes 
(above 0.05 
mm) 
per cent 

Silt Sizes 
(0.005-0.05 
mm) 
per cent 

Clay Sizes 
(up to 

0.005 mm) 
per cent 

Classification 

0-12in (humus) 
14—17in 

14 

54 

32 

Silty clay 

2 3-25in 

27 

61 

12 

Sandy silt 

32-34in 

23 

65 

12 

Sandy silt 

40-42in 

4 

65 

31 

Silty clay 


The calculations for determining the saturated moisture content taken on 
10/4/57 are set out in Table IV. 




Alley — Ground Water Conditions in Canterbury 7 


Table IV 


Depth 

Natural G 

V 

Ws 

Vs 

Vv 

e 

Sat. w 

n 

Sr 

Liquid 


M/G % 

c.c. 

gm 

c.c. 

c.c. 


% 



Limit 

9-11 in 

18.2 2.65 

26.5 

36.69 

13.8 

12.7 

0.92 

34.5 

0.48 

52.5 

_ 

15-17in 

15.6 

29.1 

48.80 

16.8 

12.3 

0.74 

28.0 

0.43 

55.7 

31.8 

32-34in 

19.6 

41.4 

64.90 

24.4 

17.0 

0.70 

26.4 

0.41 

74.2 

26.8 

40-42in 

26.7 

53.7 

79.95 

30.20 

23.5 

0.69 

26.1 

0.41 

100 

33.6 


Water table at 42in. 


Sr = Degree of saturation = 

Aitchison states that at Melbourne, Victoria, the average annual rainfall is 30in, 
and the evaporation is 39in, and the soil is yellow podsolic. As a comparison, the 
length of the wet period is 6 months and that of the dry period 4 months. The 
seasonal limits for the pF value are 2*5 to 4-5, w varies from 13% to 4% at 6in 
depth, and from 30% to 24% at 2ft depth, with e between 0-90 and 0-80, and Sr 
between 38% and 12% at the surface, and 100% and 80% at 2ft. Below 2ft depth 
the moisture content decreases slightly, and Sr is 95%, and although it is very close 
to saturation, it cannot be said that there is a water table. 
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The two graphs, Nos. 4 and 
5, which are taken from Aitchi- 
son’s paper, show the moisture- 
content profile in the dry season 
and the wet season. In the wet season 
there is a tendency to form a water 
table at a depth of 2ft, but below this 
point the moisture content falls off to 
a figure below saturation. In other 
words, the presence of a water table 
is not dependent upon rainfall. 

From the above it is evident that 
rainfall is a very uncertain source of 
supply to the water table in low- 
rainfall areas such as Canterbury, and 
that the causes of the replenishment of 
the water table must be looked for 
elsewhere. In the Canterbury case 
there is the Waimakariri River running 
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over gravel strata, which would keep the underground system charged. The level 
at Halkett, which is 15 miles from the mouth, is 300ft above sea level, so that 
artesian conditions could prevail. Professor Speight, a former Professor of Geology 
at University of Canterbury, always maintained this to be true. In his paper 
“A Preliminary Account of the Geological Features of the Christchurch Artesian 
System 55 in the Transactions of the New Zealand Institute , Vol. 43, 1910, he stated 
that in his opinion the Waimakariri River was responsible. Even in the drier years 
the Avon River continues to run without any significant change in level. 

The North Canterbury Catchment Board has taken gaugings of the Waimaka¬ 
riri River after stable conditions of weather at the gorge outlet from the mountains, 
and at the bridge, which is a few miles from the mouth of the river. The readings 
were 1,700 cusecs at the gorge, and 1,200 cusecs at the bridge. Allowing for 100 
cusecs used in water races, 400 cusecs must have entered the underground strata. 
When it is remembered that the volcanic mass of Banks Peninsula acts like a plug, 
and that deposits of the finer silts and clays at sea would cause a further barrier 
to flow, it may soon be realised that the conditions are ripe for the storing of water 
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underground. Of the 400 cusecs which finds its way underground under these 
conditions, only about 50 cusecs are used for water supply m the area. 

Postscript 

An amount of 4-75in of rain fell between May 16 and May 20, 1957, making 
the total for nearly five months 17in. As this is well above average, one would 
expect the water table to approach the surface. This occurred m many places, but 
at P Clyde Road moisture-contents samples still showed a deficiency. At a dept o 
2ft the moisture content was 21-5 per cent, saturated conditions being about 27 

Per M n the available space in the voids of the soil is calculated as it existed on 
18/4/57, it is found that it will take exactly 4in of ram to bring the profile ol 

moisture’ content out to the saturation stage. . , . . „ , . . , „ 

Some subsoil drainage tests have been carried out with a lysimeter which show 
that there is a downward tendency for the flow. Any apparatus which destroys 
the natural conditions which exist in the subsoil should not be used. 
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Contributions to the Knowledge of the New Zealand 
Bryophyte Flora 

By K. W. Allison 
[Received by the Editor, May 25, 1959.) 

Abstract 

One new moss species and three new varieties are described, one being of a Chilean 
species now reported for the first time from New Zealand. Sporophyte characteristics, 
previously unknown, are described for one of our little-known mosses. Of the 
hepatics, one new variety is described, two new combinations are made, and new 
localities are given for four rare species. 

Musci 

1. Brachythecium subpilosum (H.f. & W.) Jaeg. var. angustifolium var. nov. 

A typo in foliis longioribus et angustioribus, auriculis plus distinctis differt. 

On rotten stump and earth in open space in pine plantation, southern base of 
Flagstaff Hill, Dunedin; K.W.A., 9.5.55. Type in herb. K.W.A., No. 5723, with 
duplicate in herb. G. O. K. Sainsbury. 

The plant formed straggling light yellow patches amongst sparse grass: leaves 
narrow lanceolate, longly acuminate, plicate, nerved to about midleaf or rather 
more, alars large and conspicuous. Seta long and roughened with papillae. 

The above points taken together will distinguish it from our other species of 
Brachythecium. It resembles some forms of B. salebrosum which, however, has a 
smooth seta and B. rutabulum which, with a rough seta, has much broader and 
smooth or only faintly plicate leaves. 

This moss was submitted to G. O. K. Sainsbury and by him to Le Roy Andrews, 
who remarked that it could be a new species but that the genus was so difficult he 
could not be sure. E. B. Bartram reported that he could not match it with any 
species with which he was familiar but that it came near Brachythecium subpilosum. 
He noted that our plant had narrower, longer acuminate and more plicate leaves 
and was somewhat more glossy than this Chilean species. Specimens were also sent 
to the Swedish bryologist, Dr. Herman Persson, who at first considered them a new 
species, perhaps belonging to the closely related genus Camptothecium, but related 
to Japanese species of Brachythecium in which the alar leaf regions are also so well 
developed as to be subauriculate and the nerve divided at the apex into two short 
divisions as occasionally occurs in our plant. Eventually he agreed that it came 
close to B. subpilosum , although most of the specimens he had seen of that species 
had shorter and broader leaves. 

2. Fissidens taylori C.M. var. sainsburiana var. nov. 

F. pygmaeus Tayl. Lond. Journ. of Bot., V.66, 1846. 

Sainsburia novae-zealandiae Dix. Bryologist 44: 40, 1941. 

The genus Sainsburia was erected by H. N. Dixon for a plant agreeing with 
Fissidens except that the peristome teeth were entire or merely cracked somewhat 
along the middle, not divided wholly or deeply into two lobes as in that genus. 
Sainsbury recognised the great similarity of the plant to F. taylori and referred it 
to that species, considering it only a form. 
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